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sidechain orientation 
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Cathode 
materials 

Cathode 
binder 

Processing cathode (mixing, 
coating, drying, pressing) 

Casting 

Electrolyte 

Anode 
materials 

Anode 
binder 

Processing anode (mixing, 
coating, drying, pressing) 

Casting 

Separator 

Current 
collectors 

Cell fabrication (winding, 
inserting, top cap welding, 
filling, washing, packaging) 
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Source:  Maine and Ashby, 2000 
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Large scale storage for  
renewable energy 

LARGE-SCALE STORAGE 
FOR RENEWABLE

ENERGY   



k0&%<5#34$)!+803($)[34"$):,3&'))
)
!

))/'$0(1)!+803($)
T'+$0?3#&'().&+,)+,$)($'$03;8')58"0#$5)<<<<<<<<<<<<<<<<"5$%)%&0$#+41)8')+,$)(0&%)

F;4&+1)))))))))5#34$)))))))))
#$'+034&i$%)))))3>>4&#3;8')

:8'5"=>;8')
C$5&%$';34)D)#8==$0#&34)5#34$)



:3>&+34)#85+)$5;=3;8')
)
!

%&#!"@>AA"



ffh"
^Za!`))

Ah"
:@/!s)-3!ss_&Ns_@s-&:%sE41.,$$4sCEN))

*&!3"@>A?"

28;K3;8'"
•  *JL46975JM"4G:6"GF"0$'$.3Q4$)58"0#$5)5J"M:GT9:"6:6L845L58;"

K94U68"
•  T'+$0=&U$'#1"GF"N45K94;"0$'$.3Q4$)58"0#$5)57"9":5K589OGJ"
•  &JQ9JL5JM"355$+)";4&i3;8')03+$)9JH"0$4&3Q&4&+1"GF"NGY64"M45H7"
•  &J64M;"78G49M6"97"9"K$053;4$)584";8')



32 

N34430%R)E:)Q3#9">)

a1%08($'&#5R)/4$#+0841i$0)

_&N)3'%):8'K$0+$05R):80K"5R)@4>,3)

-3!R)-k7)
[CEN)

Current grid-scale storage technologies 

•  ,-"75JM:6"&E"86LQJG:GM;"K6687"9::"8Q6"46g=546K6J87"
•  1G78"GF"78G49M6\".5F6OK6"9JH"86LQJG:GM;"457U7"
•  .5F6"OK6"5J"N49LOL9:"9NN:5L9OGJ7"SJG8"6JG=MQ"H989";68V"
•  $57U"GF"5JW678K6J8"
!=8GKGOW6\".5F6OK6"L9J"T6"5JL46976H"T;"GN649OJM"GW64"9"NG4OGJ"GF"F=::"
LQ94M6"49JM6\"A>>>"L;L:67"8G"a>h")G)"S6:6K6J8"6J64M;3"@>A@V"
-8+)+,$)#35$)?80)/!)8')(0&%n)
•  E9F68;"9JH"789JH94H"
•  C(B"Q47"GF"78G49M6"OK6"57"GNOK=K"FG4"TG8Q"T=:U"9JH"H57845T=86H"
•  cQ6J"6J64M;"5JL46976H"8Q6"W9:=6"GF"&E"46H=L6H3"7G"LG=N:6H"NGY64(
6J64M;"57"J66H6H"98"Q5MQ"6J64M;"9NN:5L9OGJ7"

•  1GJ84G:"57"5KNG489J8\"K9i5K5j67":5F6OK6"9JH"W9:=6"
•  $6:9OGJ7Q5N7"T68Y66J":5F6OK63"H=8;"L;L:63"LGJ84G:3"LQG5L6"GF"78G49M6"
86LQJG:GM;"

23+$0&345)%$5&('R)#8=>8'$'+D#$44)>$0?80=3'#$R)%"03Q&4&+1R)#85+)



N$'$d+6)045L5JM"I":G9H"H989"

:85+6)'6LQJ5L9:"I"GN649OGJ9:"H989"

k$'$03;8')
0GY64"g=9:58;"
e79M6"97"6J64M;"

94T5849M6"

Y03'5=&55&8')
*JW678K6J8"H6F6449:"
1GJM67OGJ"46:56F"
Z46g=6JL;"46M=:9OGJ"

P&5+0&Q";8')
.G9H"FG::GY5JM"0GY64"
g=9:58;"
Z46g=6JL;"46M=:9OGJ""

:8'5"=>;8')
'-e"LG78"46H=LOGJ""

0GY64"g=9:58;""

Valuing storage technologies 

Capital 
cost 

O&M 
cost 

Charging 
cost Taxes 



!+803($)%3+3<Q35$! ES-Select™:  View and Edit Storage Database
You can view parameter groups from the drop-down list, or add a new technology to the database.
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 ES-Select™:  General X-Y plots for comparing Storage Options.
Select parameters from the drop-down lists.
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Case-study: Li-eB System 

• Location: UBC  
• Load data available 
• Li-eB system 

•  Technology and integrating 
systems 

•  Performance data from tech. 
vendor 

•  Service application not yet a 
priority 

–  Back up power (Reliability) 
–  Renewables arbitrage  
–  (Retail TOU Energy Time Shift) 

  



Li-eB DD, FR, SESC 



!#80&'(! ES-Select™:   Feasibility Criteria & Weights
Please adjust the the criteria weights, or the cost basis ($/kW or $/kWh) to better fit intended applications.
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